Background: It has been hypothesised that rural sub-Saharan Africa is at an early stage of epidemiological transition from communicable to non-communicable diseases (NCD). Limited information exists about the prevalence of cardiometabolic risk factors and the burden of cardiovascular disease (CVD) in the adult Nigerian population, especially in the rural setting. Objectives: The aim of this study was to assess and describe the prevalence of several cardiometabolic risk factors in the sub-Saharan adult population of a rural Yoruba community, living in south-western Nigeria. Methods: The study was a descriptive, cross-sectional, random-sample survey. Participants were visited at home by trained nurses and community health extension workers (CHEW) who administered a questionnaire, took the relevant history, carried out clinical examinations and measurements and took samples for laboratory tests. They were supervised by primary healthcare physicians serving the community. The variables recorded comprised clinical history, CVD risk factors including blood pressure (BP), body mass index (BMI), waist circumference, blood sugar and serum lipid levels, cigarette use, and dietary habits. The participants included 2 000 healthy adults aged 18 to 64 years who had been living in the area for more than three years. Results: The average age was 42.1 ± 21.6, with 43.7% (873) being males and 56.3% (1127) females; 20.8% were hyper-
Worldwide, cardiovascular diseases (CVD) and the metabolic syndrome are major causes of morbidity and mortality, including sudden death.
1-3 CVD is emerging as a significant health problem in sub-Saharan countries such as Nigeria, with a population of 140 million. These countries are undergoing epidemiological transition from communicable to non-communicable diseases (NCDs). 4, 5 Epidemiological transition has been closely linked to changes in the demographic, social and economic status of various populations, causing a global rise in chronic diseases, especially cardiovascular diseases (CVD). 4, 5 The prevalence of CVD, specifically stroke and heart attack is on an upward trend in the sub-Saharan region, accounting for one-tenth of all deaths. 6 Nigeria has a double burden of communicable and non-communicable diseases. Maternal and childhood mortality, tuberculosis, malaria fever and HIV/AIDS are still the leading causes of death. However, increased urbanisation with rapid rural-urban migration, demographic, environmental, social, cultural and behavioural changes might have led to unhealthy lifestyles, with increased motorisation, decreased physical activity, poor dietary habits, and tobacco use and alco-hol consumption. These lead to a greater incidence of atherosclerosis, hypertension, diabetes, hyperlipidaemia and obesity, which are risk factors for CVD. 7 More than 80% of CVD and its risk factors are preventable with cost-effective measures but there is a dearth of population-based data on risk factors in Nigeria.
In Nigeria, hypertension is the most common non-communicable disease and it has emerged as the most important risk factor for CVD, affecting 15 to 30% of the population. [8] [9] [10] The prevalence of other CVD risk factors is not as clearly defined. The attributable risk for hypertension tends to be greater in developing economies because the low rates of detection and treatment in such countries result in a proportionately higher rate of complications. A large number of hypertensive patients present for the first time with fatal and non-fatal cardiovascular events such as heart failure, coronary artery disease (CAD) 11 and stroke. These complications can be lethal with a poor prognosis and reduced life expectancy, 12,13 resulting in loss of man-hours, diminished work productivity, a social burden, and increased health expenditure. All these have a devastating impact on the family and national economy.
The absence of well-developed programmes for identification and comprehensive CVD risk assessment and management of high-risk individuals may be responsible for this.
14 The economic impact on the patient and family is enormous as the cost of care is borne out of pocket and it affects people usually at the peak of their productive years.
A high prevalence of CAD risk factors such as hypercholesterolaemia has been reported in newly diagnosed hypertensives 15, 16 and in Nigerians belonging to a high socioeconomic, westernised class. 17 Most of these were hospital-based studies. In this study we examined the prevalence of selected cardiometabolic risk factors in a representative sample of an adult population dwelling in rural Nigeria where information about CVD, the disease burden and risk factors is sparse.
methods
We conducted a cross sectional survey from December 2002 to November 2005 in a representative sample of 2 000 adults, aged 18 to 64 years who were permanent residents of the Egbeda local government area (ELGA), a rural community in south-western Nigeria, with a population of 128 000. Agricultural production and livestock breeding are the main economic activities of ELGA residents, whose average annual income is less than US $1 000. The study protocol was evaluated and approved by the Ethics of Human Research Committee of the State Ministry of Health. Individual consent was obtained verbally and where possible by written consent.
A systematic random sample of dwellings was selected from lists drawn up by field enumerators. Consecutive eligible adults were selected as the respondents. A maximum of three respondents were chosen per household. Community health extension workers (CHEW) collected the data for the study after being trained in basic interviewing techniques and standard methods of obtaining physical measurements. Instruments were adopted from the WHO STEPS survey, and adapted to the local settings.
During the home visits, the interviewers collected information on each subject via structured patient questionnaires and physical assessment. Information obtained in step 1 included demographic profile (age, gender), socioeconomic profile (educational and income level), self-reported cardiac risk factors (smoking, level of physical activity, salt intake, fruit and vegetable intake and family history), pre-existing cardiovascular conditions and complications (hypertension, diabetes mellitus, ischaemic heart disease, stroke, kidney disease).
Cigarette smoking was defined as smoking at least one cigarette per day for at least one year. Data were also collected on other forms of tobacco use such as chewing and snuffing. Physical activity was assessed using a questionnaire that asked participants about their work-related activities. Physical activity was considered to be engaging in sustained physical activity for at least 30 minutes on five or more days per week, whether in leisure time or integrated into their everyday life.
A clinic visit was subsequently set up for each respondent at the nearest primary healthcare centre (PHC) to enable him/her to have physical measurements taken, with further assessment of any incident cardiometabolic risk factors. In step 2, we assessed physical status such as anthropometrics, which was measured by body mass index (BMI), (kg/m 2 ) and waist circumference (WC) (cm). Overweight was defined as a BMI ≥ 25.0 kg/m 2 and increased CV risk as waist circumference ≥ 88 cm for women and ≥ 102 cm for men.
Blood pressure (BP) was measured by trained health workers according to the guidelines of the International Society of Hypertension (ISH)/World Health Organisation (WHO; 1999) and the seventh Joint National Committee on hypertension (JNC-7).
18-20 Measurements were taken using a standard mercury sphygmomanometer with appropriate-sized cuff. Three BP measurements were taken using the subject's right arm with him/ her in the sitting position after five minutes of rest, allowing one minute between measurements. The mean of three measurements was used as the final value. Participants with an elevated BP measurement had their BP measured again after one to two weeks; the average BP on the second visit was used as the criterion for the diagnosis and control of hypertension. In addition, all treated hypertensive patients had their BP measured after one to two weeks.
Hypertension was defined as systolic blood pressure (SBP) of ≥ 140 mmHg, diastolic blood pressure (DBP) of ≥ 90 mmHg, or current treatment with antihypertensive drugs in subjects with a history of hypertension. Awareness of hypertension meant a previous diagnosis of hypertension or high blood pressure. Controlled hypertension was defined as treated hypertension with a SBP < 140 mmHg and a DBP < 90 mmHg at the second BP measurement.
Venous blood samples were obtained via the antecubital vein for biochemical assessment in step 3, including fasting serum total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides and fasting blood glucose levels. Diabetes was diagnosed either by a history of previously known diabetes or a fasting plasma glucose of ≥ 126 mg/dl, and impaired fasting glucose was defined as fasting plasma glucose of 100 to 125 mg/dl. 21 Hypercholesterolemia was defined as a total cholesterol level ≥ 200 mg/dl, HDL-C < 40 mg/dl for men or < 50 mg/dl for women, and/or triglyceride concentration ≥ 150 mg/dl. The metabolic syndrome was defined according to Adult Treatment Panel (ATP) III criteria.
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Statistical analysis
The data obtained were analysed using SPSS version 13.0 software (SPSS Inc., Chicago, Illinois, USA). Descriptive AFRICA analysis of the variables was performed to process the data as tables. Continuous variables were described by calculating the means and standard deviation (SD). Categorical variables were described using frequency tables.
results Table 1 shows the characteristic features of the final study population, including BMI, SBP, DBP, and blood glucose and lipid profiles. Two thousand persons were analysed, with a mean age and SD of 42.1 ± 21.6. Of these, 43.7% (873) were males while 56.3% (1 127) were females. The mean values of other variables were as follows: BMI 22.8 ± 7.9 kg/m 2 (men), 25.6 ± 11.3 kg/ m 2 (women), waist circumference (WC) 87.1 ± 20.2 cm (men) and 89.5 ± 18.4 cm (women), SBP 132.9 ± 35.1 mmHg, DBP 81.6 ± 22.3 mmHg, fasting blood glucose 115.8 ± 51.7 mg/dl, total cholesterol 162.1 ± 53.6 mg/dl, LDL-C 110.3 ± 43.8 mg/dl, HDL-C 42.3 ± 9.5 mg/dl and triglycerides 139.7 ± 62.2 mg/dl. Tables 2 and 3 show the prevalence of CVD risk factors according to gender and 10-year age-group distribution, respectively. The overall prevalence of hypertension in Egbeda residents was 20.8% (21.1% among men and 20.5% among women). Of these, only 14.2% (11.4% in men and 16.5% in women) were known hypertensives and only 18.6% of the known hypertensives were on any form of treatment. Although women had a higher rate of self-reported hypertension, the treatment rate was similar to that found in men. This may have been due to the fact that some of the women had a history of hypertension in pregnancy. The prevalence of metabolic disorders was as follows: diabetes 2.5%, hypertriglycerideaemia 1.9%, low HDL-C 43.1%, general obesity 3.9% and abdominal obesity 14.7%.
In Table 3 , there was a clustering of risk factors, especially hypertension, diabetes, lipid abnormalities and abdominal obesity within the 35 to 44, and 45 to 54 years age groups of our sample. The prevalence of cigarette smoking was 1.7% and physical inactivity was 3.2%. Cigarette smoking and physical inactivity were found in the younger and older age groups, respectively. Smoking was the main form of tobacco use in Egbeda and this was found in men only, with a prevalence of less than 1.7%. Most smoked fewer than five cigarettes daily. Women used smokeless tobacco with a prevalence of 0.6%. In this study, almost all responders admitted consumption of fruit on most days of the week and vegetables on a daily basis but this was found to be less than the recommended daily intake (82.9% consumed less than three helpings of fruit/vegetables daily). This was due mainly to affordability and the expression of fear of frequent bowel motions by some. Table 4 shows the prevalence of multiple cardiometabolic risk factors by age in the study population. Overall, 12.9% of the subjects were found to have at least one CVD risk factor, 8.6% had two risk factors, 3.0% had three and 1.3% had four or more risk factors.
Using the ATP III criteria, the prevalence of BP ≥ 130/85 mmHg was 39.2% [higher in men (42.3%) than in women (36.8%)], waist circumference > 88 cm in women and > 102 cm in men was 6.2%, blood glucose ≥ 110 mg/dl was 5.0%, HDL-C < 40 mg/dl in men and < 50 mg/dl in women was 43.1% and triglyceride ≥ 150 mg/dl was 1.9%. According to this guideline, 2.1% of men and 2.7% of women in the study population had at least three of the criteria, the commonest being HDL-C < 40 mg/dl in men or < 50 mg/dl in women, followed by BP ≥ 130/85 mmHg, then by waist circumference > 88 cm in women or > 102 cm in men, followed by blood glucose ≥ 110 mg/dl.
discussion
There is an emergence of chronic NCDs, including CVD in populations undergoing socioeconomic changes, and the rural sub-Saharan population is thought to be at an early stage of this epidemiological transition.
23 CVD and its risk factors can adversely affect quality of life. The risk profile of a population can be utilised to predict the burden of atherosclerosis and its complications, such as stroke and CAD. The presence and number of CAD risk factors predict future cardiovascular events, especially heart attack and stroke in individuals with such risk factors.
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The present study was a population-based survey undertaken to determine the prevalence of cardiometabolic risk factors in a western Nigerian rural adult population, aged 18 to 64 years. The first major finding of our study revealed a relatively high frequency of hypertension (BP ≥ 140/90 mmHg) affecting 20.8% of the study population, low levels of HDL-C affecting 43.1%, and abdominal obesity affecting 14.7%. These three were the most common risk factors in the population. The pattern observed suggests that the health transition might be occurring at a rate faster than what should be seen in a population at an early stage of transition. This may worsen the rate of strokes and other cardiovascular events in the future.
Our study has contributed to determining the burden and distribution of cardiometabolic risk factors from age 18 to 64 years. Previous studies were done in elderly Nigerians over 55 years of age in the south-western portion of Nigeria, 25 and were hospital based.
Using the ATP III criteria, we found the prevalence of cardiometabolic risk factors to be 2.1% in men and 2.7% in women. This rate was higher than that found in the city of Yaoundé in Cameroon and in three rural villages, using the same criteria, where the prevalence was < 0.5% in men and < 0.2% in women.
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A much higher rate of 24% in men and 32% in women was found in a nationwide study in the Seychelles. 27 The prevalence of the metabolic syndrome in the Seychelles was noted to be similar to that in western countries.
The overall prevalence of hypertension in this study was 20.8%, an indication that hypertension affects a large proportion of the adult population in the rural community of Egbeda. A previous nationwide study 28 and other studies 29, 30 found the prevalence rate ranging from 7% in the rural population to 20% in the urban population. This relatively higher prevalence rate of hypertension in a rural setting at an early stage of the economic and health transition is worrisome, since Egbeda is populated mainly by farmers, artisans and petty traders. The health systems serving the population are inadequately developed to tackle the burden of CVD. High and increasing rates of hypertension have been reported in rural communities in India 31 and Indonesia.
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In Nigeria, services are offered free at primary healthcare centres (PHCs), but in spite of this, only a small proportion (18.6%) of patients with high blood pressure were on any form of treatment within three months prior to our study. Factors identified as contributory included care-seeker and caregiver apathy to chronic health issues which appeared to be non-incapacitating. The care seekers also complained of difficulties of transportation to clinics, missing the day's work (most were daily-paid/ self-employed workers who depended on the day's earnings), competing issues, no drugs on arrival at PHCs, and no equipment or personnel in the facilities. Most of the PHCs had no programmes for chronic care in their practices. There was a dearth of personnel trained in long-term care, as well as inadequate medical records, medical supplies, equipment and drugs in almost all cases.
Our study is the first known documentation of the population prevalence of BP ≥ 130/85 mmHg, which was found in 39.2% of the study population. This risk factor will probably increase the burden of CVD in the near future if primordial and primary prevention are not instituted early enough. Therefore, there is an urgent need for early identification and treatment of persons in the pre-hypertensive state, using non-pharmacological methods of weight reduction, increased physical activity and increased consumption of fruit and vegetables, with a reduction in salt intake.
The results of our study showed that the prevalence of diabetes mellitus was 2.5% and this was similar to the national crude prevalence rate of 2.8%. 28 The Egbeda residents with diabetes were more likely to be aware of their condition than the hypertensives (73.5% vs 14.2%, respectively). The treatment rate for diabetes was also higher than that for hypertension (36.1% vs 18.6%, respectively). It appeared that the reasons adduced for these included the fact that the presence of glucose in the urine [18] [19] [20] [21] [22] [23] [24] AFRICA in the study population prompted review for further management by a more senior member of the health team more often than detection of high blood pressure. We discovered that urine was tested in a few cases during antenatal care and in those who had observed the unusual presence of sugar ants around their latrines. Since urine testing is readily available and assessable in this community, the service can be up-scaled for early detection of diabetes.
The clustering of cardiometabolic risk factors in middle age is also worthy of note, indicating the need for a comprehensive and integrated approach to tackle CVD. It has been observed that the average human being is likely to experience a rise in body weight and blood pressure with age under the conditions of modern life. 23 The REACH registry showed that most hypertensive patients have additional CVD risks. 33 None of the participants had had an assessment of their lipid profiles prior to this study. We discovered that the PHCs had no facility for the testing of lipids; moreover, the health givers lacked the knowledge of the role of lipids in CVD. Low levels of HDL-C were found in 43.1% of the study population despite the relatively normal levels of total cholesterol and triglycerides. In south Asians 70.3% were found to have HDL-C lower than 40 mg/dl.
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Cigarette smoking was uncommon in the study population; however, the impact of smokeless tobacco use on CVD remains to be further elucidated, especially as this was found to be restricted to women. This was unlike the high prevalence of cigarette smoking in South African men, but the number of cigarettes smoked was equally low.
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Abdominal obesity was more common in our study population, with 8.5% having increased risk and 6.2% having substantially increased risk, compared to 6.4 and 1.6%, respectively, as recorded in a previous study in Nigeria. 36 This may suggest an apparent upward trend in this risk factor within the past decade due to increased exposure to a westernised lifestyle. Previous studies have shown that waist circumference was positively correlated with blood pressure and fasting blood glucose and was significantly associated with higher risks of hypertension and diabetes in Nigerians, Jamaicans and African-Americans.
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Two per cent of our study population were obese with a BMI > 30 kg/m 2 , unlike a higher rate of 8% found in an inner-city urban community in Nigeria (the two studies reported that more women than men were obese). 38 We recommend that abdominal obesity be used in defining CVD risk factors in this population, rather than overall obesity.
Limitations of this research
We were able to study only one of the diverse ethnic groups dwelling in rural areas of Nigeria, and different regions of the country are known to be at different levels of acculturation to a western lifestyle. Insulin resistance and C-reactive protein were not estimated in this study in order to reduce costs; however these would not have affected the outcome of our study objectives.
Conclusion
The relatively high rate of cardiometabolic risk factors in this rural population is an indication that the epidemic of CVD is looming large in Nigeria, a country whose health services are already overburdened by tuberculosis and the HIV/AIDS epidemic. Results of this study could serve as a basis for advocacy, with an urgent call for action for the development of national programmes that would improve the control and management of cardiometabolic risk factors and CVD, along with other NCDS. Primordial and primary population-based strategies, lifestyle modification, health education and health promotion would be cost effective in reducing CVD morbidity and mortality in this low-resource setting. Increased consumption of fruit and vegetables, use of appropriate cooking oil, and reduction of salt in food are good starting points for modifying some of these risk factors. Although the rate of cigarette smoking is low, smoking should be discouraged further.
